Fabrication and characterization of pyrolytic carbon string resonators by Nguyen, Quang Long et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 18, 2017
Fabrication and characterization of pyrolytic carbon string resonators
Nguyen, Quang Long; Kurek, Maksymilian; Larsen, Peter Emil; Schmid, Silvan; Boisen, Anja; Keller,
Stephan Sylvest
Publication date:
2016
Document Version
Peer reviewed version
Link back to DTU Orbit
Citation (APA):
Nguyen, Q. L., Kurek, M., Larsen, P. E., Schmid, S., Boisen, A., & Keller, S. S. (2016). Fabrication and
characterization of pyrolytic carbon string resonators. Abstract from 42nd International conference on Micro and
Nano Engineering, Vienna, Austria.
Fabrication and characterization of pyrolytic carbon string resonators 
 
Long Nguyen Quang a, Maksymilian Kurek a, Peter Emil Larsen a, Silvan Schmid a,b, Anja Boisen a and 
Stephan Sylvest Keller a 
 
a Department of Micro- and Nanotechnology, Technical University of Denmark, 2800 Kongens Lyngby, 
Denmark; 
b Institute of Sensor and Actuator Systems, Vienna University of Technology, Gusshausstraβe 27-29, A-
1040 Vienna, Austria 
e-mail: longq@nanotech.dtu.dk   
 
Keywords: pyrolytic carbon, resonators, microfabrication, MEMS    
      Here, we present a novel simple process for the fabrication of pyrolytic carbon string resonators. More 
specifically, the goal of this work was to optimize the fabrication process to achieve good structural 
definition, high resonance frequencies and high quality factors. For this purpose, different approaches for 
preparation of the precursor template for pyrolysis were compared using AZ5214E positive resist, 
AZ5214E resist with image reversal and SU-8. From the results, we conclude that the optimized process for 
fabrication of string resonators is the one with AZ5214E positive resist with additional hard bake and a 2-
step pyrolysis. 
      In microelectromechanical systems (MEMS), micromechanical resonators have a wide range of 
potential applications including resonant sensors for high-resolution mass and force sensing [1]. Basically, 
for MEMS resonators such as cantilevers, strings and membranes, the working principle is based on the 
frequency shift due to external stimuli such as changes in mass or temperature. A large bulk of research on 
optimized materials for micromechanical resonators such as SiN [2], SU-8 [3], and carbon-based materials 
[4-6] was performed. Among those materials, carbon-based materials such as silicon carbide, graphene, and 
carbon-nanotube (CNT) show promising mechanical properties [4-6]. However, a major drawback for these 
devices is expensive and complicated fabrication processes. Recently, pyrolytic carbon showed tunable 
electrical and mechanical properties due to the possibility to modify the pyrolysis parameters [7].  
      The fabrication process of the pyrolytic carbon string resonators is shown in Fig.1. The process is 
simple with spin-coating, photolithography, dry etching and pyrolysis. After lithography, the thickness of 
the AZ5214E and SU-8 device layers are 4µm and 6µm, respectively. After development, an additional 
hard-bake in 1 hour was introduced to make the structures more stable and avoid damage during the 
following etching process. The isotropic silicon dry etching step was optimized to improve the structural 
definition of the strings and maximize the fabrication yield.  For pyrolysis, 1-step and 2-step pyrolysis 
processes were compared. In the 1-step process, the polymer strings are heated up to 900oC with 10oC/min 
ramping rate and in the final temperature is maintained for 90 minutes. In the 2-step process, at first, the 
strings are pre-conditioned  200oC for 30 minutes followed by pyrolysis at 900oC for 90 minutes with 
10oC/min ramping rate.  
     The results show that the resonance frequencies for the strings fabricated with the one-step process were 
lower than for the 2-step process. The pyrolytic carbon string resonators successfully fabricated with the 
two-step pyrolysis process are shown in Fig.2. Finally, those pyrolytic carbon strings were characterized at 
room temperature and high vacuum at a pressure below 10-5 mbar. The resonators were actuated by a 
piezoelectric crystal and the resonance frequencies were detected by optical readout. Figure 3 shows the 
resonance frequencies of pyrolytic carbon string resonators with different lengths. The quality factor of 
those pyrolytic carbon resonators is approximately 10,000. As we can see from Fig.3, the strings obtained 
with AZ5214E positive resist show the higher resonance frequency and more structure can be measured. 
     In conclusion, we demonstrate the optimized fabrication process for pyrolytic carbon string resonators 
using AZ5214E resist with 2-steps pyrolysis. In near future, those resonators will be improved and adapted 
for biomedical applications. 
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Figure 1. Fabrication process of pyrolytic carbon resonators. 
 
Figure 2. SEM images of pyrolytic carbon strings obtained with a) AZ5214E positive photoresist, b) AZ5214E 
photoresist with image reversal and c) SU-8 as precursors for pyrolysis. 
 
Figure 3.  The resonance frequencies of pyrolytic carbon string resonators obtained with a) AZ5214E positive 
photoresist, b) AZ5214E photoresist with image reversal and c) SU-8 as precursors. 
